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Box No. IV Lack of unity of invention 



1. □ In response to tiie invitation to restrict or pay additional fees, the applicant has: 

□ restricted the claims. 

□ paid additional fees. 

□ paid additional fees under protest. 

□ neither restricted nor paid additional fees. 

o ^ Thi. Authoritv found that the requirement of unity of invention is not complied with and chose, according to 
^ Rule 68 StStel^^^^ to restrict or pay additional fees. 

3. This Authority consider, that the requirement of unrty of invention in accordance w«h Rules 13.1. 13.2 and 13.3 
is 

□ complied witin. 

S not complied with for the following reasons: 
see separate sheet 
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i^o fftrAnce is maHa to the folloAflrinq cfocmnents; 

D4: US-B1-6518629(KUSHIDATOMOYOSHIETAL)11 February 2003 (2003- 



D6: 



PATENT ABSTRACTS OF JAPAN vol. 1997. no. 03. 31 March 1997 (1997- 
03-31) -& JP 08 316479 A (MITSUBISHI ELECTRIC CORP). 29 November 
1996 (1996-11-29) 



Rft Item IV 

Ttw^^ t'^it^ them am 3 Inventions covered by the claims indicated 
as follows: 

,■ ciaims1,2and9.asdependlngonclalm1. directed to an IGBT compj«ng an 
intemiedlate region of a first semiconductlvity type and a bamer regK,n of a second 
conductivity type fonned within the intermediate region. 

„: Claims 3 and 9. as depending on claim 3, dimcted to an IGBT compn^ng an 
intem,ediate region of a first semiconductlvity type and a bamer region of the first 
semiconductlvity type fonned wKhln the Intenntiedlate region. 

Ill' Claims 4-8 and 9, as depending on one of claims 4^. directed to an IGBT 
Lpting al Wem,«lla.e r^on o, the fimt conduCMty type and a plurairty of bamer 
regions fonned within the intermediate region. 

1 1 The reasons for which the inventions are not so linked as to folm a single general 
inventive concept, as required by Rule 13.1 PCT. are as follows: 

1 2 The common technical features between inventions I, II and 111 as disclosed above, 
amI^lG^~mprislng an Intemrediate legion of a first conductivi^ type and a barner 
^ fomted within the intem,edlate region. However, document D4 discloses (see 
^ Tolu ™ 4 line 66 to column 5, line 13 and figum 7) an IGBT having a bamer layer 
fom,^ i^me intemiediate region. Hence the common technical features between 
IZnTons I. il and 111 Is not new and cannot be considered as a common «ventive 
concept. 
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statement with regard to novelty. Inventive step or industrial 
applicability; citations and explanations supporting such statement 

2 The document D6 is regarded as the closest prior art ^^^^^ f "^^^^^^^^^^^ ' 
and discloses (the references in parentheses applying to this document) an IGBT 
and discloses ^me rei ^ ^ ^ conductivity type (45) 

comor s nq an emitter electrode (4b; , a lop icyiuu 

orniUto the emitter electrode, a deep region of the second conductnrty type (42) 
^inSTedtete region of a first conductivity type (44) insulating the top region and the 
l^^ Zon TcSTor region of the first conductivity type (41) connected to the deep 
Sn3 liei^Sed ,'rom the Intermediate region by the deep ^glon. a c<.le^or 
2^^7(52) connected to the collector region, a gate electrode (49) facng a portion 
o l^e inte^ediate region via an insulating layer (56), the Intemtedjate regK.n 
«rI^pS a dense portion (91) directly connected to the emitter electrode. 

2 1 The subject-matter of claim 1 differs font, the content of D6 in that the IGBT of 
cillm ^imp^s a barrier region comprising a semiconductor region of «,e s«»nd 
c^r^uLvw forn-ad within the intem,edlate region, this bamer region be ng^ 
rfa^ith t^Te dense region and separated f ..m the de^ reg^n by the ma,n port»n. 
The subject-matter of claim 1 Is therefore new (Article 33(2) PCX). 

2 2 The existence of the banler region in contact with the dense portion, causes the 
J^lZ^^Ttt^e minority carriers in the intemiedlate region, which reduces the on- 
::S^;tTe:GBT. Tis is^nelther disclosed nor suggested In the prior art, hence claim 

1 is considered as Involving an inventive step (Article 33(3) PCT). 

2 3 Claims 2 and 9, when depending on claims 1 or 2, are dependant on dalm 1 and as 
such r mee^Tthe requirements of the PCT with respect to novelty and inven^ve 

Step. 

3 Document D4 is regarded as being the closest prior art to the subject-matter of 
cia" 4 and Shows (the references in parentheses aPP'y;;'^ ^o^^^^^^^^^ 

^ee in oarticular its figures 7 and 8) an IGBT compnsing an emitter electrode (28), a top 
see in P^rttcu'ar its 9 connected to the emitter electrode, a deep 

:3 o iU mtem^ediate region of a f^^^^^ 

ZTl8 connected to the emitter electrode and isolating the top region and the deep 
^on . coJe^or region of the first conductivity type (10) connected to the deep region 
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and isolated from the intermediate region by the deep region, a collector electrode (30) 
connected to the collector region, a gate electrode (22) facing a portion of the 
intermediate region via an insulating layer (20), and a plurality of barrier regions (14) 
formed within the intermediate region. 

3.1 The subject-matter of claim 3 differs from the content of D4, in that in claim 3 the 
barrier region has the first conductivity type an has a higher concentration in impurities 
than the intermediate region. The subject-matter of claim 3 is therefore new (Article 
33(2) PCT). 

3.2 The first conductivity type doping of the barrier region allows the discharge of the 
minority carriers via the barrier region, hence repressing the latch up effect, which could 
be caused by the flow of the minority carriers through the emitter. This is neither 
disclosed nor suggested by the prior art, hence claim 3 is considered as involving an 
inventive step (Article 33(3) PCT). 

3.3 Claim 9, when depending on claim 3, also meets as such the requirements of the 
PCT with respect to novelty and inventive step. 

3.4 The subject-matter of claim 4 differs from the content of D4, in that in claim 4 the 
plurality of bam'er region within the intemiediate region are distributed along a direction 
extending between the top region and the deep region. The subject-matter of claim 4 is 
therefore new (Article 33(2) PCT). 

3.5 This characteristic allows the accumulation of minority carriers throughout the 
intermediate region, then reducing the on-voltage and Is neither disclosed nor 
suggested by the prior art, hence claim 4 is considered as involving an inventive step 
(Article 33(3) PCT). 

3.6 Claims 5-8 and claim 9, when depending on claim 4, depend on claim 4 and as 
such also meet the requirements of the PCT with respect to novelty and inventive step. 
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Amendments under Article 34(2)b of PCX 
CLAIMS 

5 1. A semiconductor device of IGBT comprising: 
an emitter electrode; 

a top region of a second conductivity type connected to the emitter 
electrode; 

a deep region of the second conductivity type; 
10 an intermediate region of a first conductivity type isolating the top 

region and the deep region; 

a collector region of the first conductivity type connected to the deep 
region, the collector region being isolated from the intermediate region by the 
deep region; 

15 a collector electrode connected to the collector region; 

a gate electrode facing a portion of the intermediate region via an 
insulating layer, the portion of the intermediate region isolating the top region 
and the deep region; and 

a barrier region comprising a semiconductor region of the second 
20 conductivity type formed within the intermediate region, 

wherein the intermediate region comprises a dense portion directly 
connected to the emitter electrode, and a main portion connected to the emitter 
electrode via the dense portion, 

wherein the barrier region is in contact with the dense portion, and is 
25 separated from the deep region by the main portion. 

2. A semiconductor device according to claim 1, 

wherein the barrier region further comprises an insulator. 

30 3. A semiconductor device of IGBT comprising: 
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an emitter electrode; 

a top region of a second conductivity type connected to the emitter 
electrode; 

a deep region of the second conductivity type; 
5 an intermediate region of a first conductivity type connected to the 

emitter electrode, the intermediate region isolating the top region and the deep 
region; 

a collector region of the first conductivity type connected to the deep 
region, the collector region being isolated from the intermediate region by the 
10 deep region; 

a collector electrode connected to the collector region; 
a gate electrode facing a portion of the intermediate region via an 
insulating layer, the portion of the intermediate region isolating the top region 
and the deep region; and 
IS a barrier region comprising a semiconductor region of the first 

conductivity type formed within the intermediate region; 

wherein the barrier region has a higher concentration of impurities than 
the intermediate region, and the barrier region is formed along a boundary 
between the top region and the intermediate region, and is electrically connected 
20 to the emitter electrode. 



4. A semiconductor device of IGBT comprising: 
an emitter electrode; 

a top region of a second conductivity type connected to the emitter 
25 electrode; 

a deep region of the second conductivity type; 

an intermediate region of a first conductivity type connected to the 
emitter electrode, the intermediate region isolating the top region and the deep 
region; 
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a collector region of the first conductivity type connected to the deep 
region, the collector region being isolated from the intermediate region by the 
deep region; 

a collector electrode connected to the collector region; 



insulating layer, the portion of the intermediate region isolating the top region 
and the deep region; and 

a plurality of barrier regions formed within the intermediate region; 

wherein the barrier regions are distributed within the intermediate region 
10 along a direction extending between the top region and the deep region. 

5. A semiconductor device according to claims 4, 

wherein the intermediate region comprises a dense portion directly 
connected to the emitter electrode, and a main portion connected to the emitter 
IS electrode via the dense portion, 

wherein at least one of the barrier regions is formed in the vicinity of a 
boundary between the dense portion and the main portion, 

wherein at least the other of the barrier regions is the second 
conductivity type, is formed in the vicinity of a boundary between the main 
20 portion and the deep region, and is electrically disconnected from the emitter 
electrode and the deep region. 

6. A semiconductor device according to claims 4, 

wherein the intermediate region comprises a dense portion directly 
25 connected to the emitter electrode, and a main portion connected to the emitter 
electrode via the dense portion, 

wherein at least one of the barrier regions is formed in the vicinity of a 
boundary between the dense portion and the main portion. 



5 



a gate electrode facing a portion of the intermediate region via an 
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wherein at least the other of the barrier regions is the second 
conductivity type, is formed at a boundary between the main portion and the 
deep region, and has a higher concentration of impurities than the deep region. 

5 7. A semiconductor device according to claims 5 or 6, 

wherein at least a portion of the barrier regions are located on a path 
along which carriers flow. 

8. A semiconductor device according to claims 7, 

10 wherein a plurality of pairs of barrier layer and intermediate layer is 

stacked. 

9. A semiconductor device according to any one of the preceding claims, 
wherein the thickness of the top region is less than the thickness of the 

15 barrier region. 
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